Cystic tumors of the pancreas are uncommon but important because of their diverse pathology and biology. Their wide spectrum also includes cystic variants of otherwise solid tumors, such as cystic endocrine tumors, cystic acinar cell carcinomas and ductal adenocarcinomas with cystic changes. In this study, we screened pancreatic ductal adenocarcinomas and their variants for macrocystic changes and determined the nature of the cysts (neoplastic vs non-neoplastic). Of 483 tumors 38 (8%) had cystic features. The largest group consisted of 24 pancreatic ductal adenocarcinomas showing a large-gland pattern with small cysts whose diameter varied between 0.5 and 1.8 cm. The epithelial lining of these cysts was generally positive for CEA (83%) and/or MUC1 (71%) and MUC5AC (74%). p53 was positive in 57% of the cases. The second group of cystic tumors (8/483) showed degenerative cystic cavities with diameters ranging between 1 and 6 cm. This group consisted of poorly differentiated pancreatic ductal adenocarcinomas, undifferentiated carcinomas with or without osteoclast-like giant cells and one adenosquamous carcinoma. In the third group of cystic tumors there were four pancreatic ductal adenocarcinomas containing tumor-related retention cysts. Their epithelial cells were positive for MUC5AC, but negative for CEA, MUC1 and p53. The fourth group consisted of two pancreatic ductal adenocarcinomas showing closely attached pseudocysts caused by tumor-associated pancreatitis. The results indicate that a considerable number of pancreatic ductal adenocarcinomas and their variants display cystic features and must therefore be considered in the differential diagnosis of cystic neoplasms of the pancreas. Moreover, not all of the cystic structures we observed were neoplastic in nature. They may also represent nonneoplastic changes, such as retention cysts and inflammatory pseudocysts.
The majority of pancreatic neoplasms have a solid growth pattern and are ductal adenocarcinomas. 1 Cystic neoplasms are rare, but they form an important group because of their special pathology and biology. The most common cystic tumors are intraductal papillary-mucinous neoplasms, serous cystic neoplasms, mucinous cystic neoplasms and solid pseudopapillary neoplasms. 2, 3 Rare cystic neoplasms include acinar cell cystadenocarcinomas, 4 acinar cell cystadenomas, 5 cystic endocrine tumors 6 and cystic mesenchymal tumors. 7 The differential diagnosis of pancreatic cystic neoplasms, however, also includes pancreatic ductal adenocarcinomas with cystic changes. Most of the cystic pancreatic ductal adenocarcinomas reported in the literature were poorly differentiated tumors showing pseudocystic changes. [8] [9] [10] Other pancreatic ductal adenocarcinomas with a predominantly microcystic appearance caused by marked ectasia of neoplastic glands were termed 'large-duct type' invasive carcinoma. 11, 12 Since pancreatic ductal adenocarcinomas with cystic features have not yet been systematically studied, we screened a series of 483 tumors consisting of pancreatic ductal adenocarcinomas and their variants, such as adenosquamous carcinomas and undifferentiated carcinomas with and without osteoclast-like giant cells, for macrocystic changes and analyzed the cause and nature of these structures.
Materials and methods
The pancreatic tumors reviewed in this series were identified in the surgical pathology files and the consultation files of the Department of Pathology of the University of Kiel. Clinical information was obtained from the patients' records and in some cases from the clinicians in charge. The review spanned the period from 1971 to 2003. All neoplasms had been resected. Carcinomas with an associated pre-existing cystic neoplasm (mucinous cystic neoplasm, serous cystic neoplasm, intraductal papillary-mucinous neoplasm) were excluded from the study.
The tumor tissue was fixed in 10% formaldehyde solution and embedded in paraffin. Deparaffinized sections were stained with hematoxylin and eosin and periodic acid-Schiff. From each case one or two tissue blocks were analyzed immunohistochemically using the primary antisera listed in Table 1 . Immunohistochemical analysis was carried out on serial sections using the avidin-biotin-peroxidase technique (ABC ELITE, Vector Laboratories, Burlingame, CA, USA). Endogenous phosphatase activity was blocked with 1 mM levamisole in the substrate solution. The slides were either directly immunostained or first pretreated by incubation with protease or boiling in citrate-buffered saline for 3.5 min.
Results
A total of 483 pancreatic ductal adenocarcinomas and variants were screened for macrocystic changes.
Among these, 38 pancreatic ductal adenocarcinomas with cystic features were found. They included 24 (63%) pancreatic ductal adenocarcinomas with large-gland features, eight (21%) pancreatic ductal adenocarcinomas with intratumoral degenerative cystic changes, four (11%) pancreatic ductal adenocarcinomas with retention cysts and two (5%) pancreatic ductal adenocarcinomas with attached pseudocysts. They occurred more often in women (22 cases) than in men (16 cases). The ages of the patients ranged from 43 to 78 years with a mean of 62 years. Table 2 summarized the clinicopathological data and Table 3 the immunohistochemical results on all cystic pancreatic ductal adenocarcinomas.
Pancreatic Ductal Adenocarcinomas with Large-Gland Features
Most of these tumors contained multiple (more than five) cystic structures (with diameters ranging from 0.4 to 1.8 cm) (Figure 1a) . Only a few tumors had Cystic pancreatic ductal adenocarcinomas M Kosmahl et al fewer than five small or large cysts (maximum 7 cm). The cysts were usually scattered within the tumors, but were occasionally located at the tumor periphery. Histologically, they were lined by atypical cuboidal to flat epithelial cells occasionally forming papillary projections. The cystic structures were embedded in paucicellular desmoplastic stroma that bore no resemblance to ovarian-like stroma. It contained small irregular neoplastic duct-like glands ( Figure 1b ) as well as a few remaining acini, ducts and islets. According to the differentiation of the small duct-like neoplastic glands, 13 pancreatic ductal adenocarcinomas were classified as well differentiated, seven as moderately differentiated and two as poorly differentiated. 12 In addition to cystic structures one ductal adenocarcinoma showed dilated mucin-filled glands and two others had a large squamous component. The neoplastic cysts were lined by atypical squamous cells. The latter two tumors, which represented adenosquamous variants of pancreatic ductal adenocarcinomas, contained the largest cysts observed in this tumor group. Two pancreatic ductal adenocarcinomas were characterized by numerous small cysts forming a honeycomb-like pattern (Figure 1c) . Some of these cysts were lined by cuboidal cells with clear cytoplasm like those seen in serous cystic neoplasms, 12, 13 but most cysts had the mucus-producing epithelium that is typical of pancreatic ductal adenocarcinomas, in some cases with papillary projections.
Immunohistochemically, the pancreatic ductal adenocarcinomas with large-gland features stained for CEA (83%) (Figure 1d ) and/or MUC1 (71%) in both their cystic structures and their noncystic duct-like glands. These components usually stained for MU-C5AC (74%) and MUC6 (52%). Only two pancreatic ductal adenocarcinomas stained faintly for MUC2. Of the two adenosquamous carcinomas only one was weakly positive for MUC1 and CEA in its glandular component. Non-neoplastic duct epithelium was often positive for MUC5AC and MUC6. Nuclear p53 reactivity was seen in the neoplastic epithelium of 13/23 tumors. The proliferation rate of the tumor cells varied between 1 and 60% (mean 20%).
In all, 12 pancreatic ductal adenocarcinomas were localized in the head of the pancreas, six in the body and three in the tail. The tumors had a mean size of 4.5 cm (range 2-15 cm). They occurred in nine men and 15 women, with a mean age of 58 years (range 47-77 years). Clinical data were available for 8 patients. Three patients had a history of pancreatitis; one patient presented with unspecific abdominal pain and in two patients the tumor was detected incidentally during a radiological examination. One patient had a preoperative diagnosis of a pseudocyst because a large cyst (7 cm in diameter) had been detected in the tail of the pancreas. Another patient had symptoms of intestinal obstruction, and imaging revealed cystic structures in the region of the pancreatic tail involving the colon wall.
Pancreatic Ductal Adenocarcinomas with Degenerative Cystic Changes
Each of these eight tumors contained one large central pseudocystic cavity that usually contained some necrotic and hemorrhagic tissue (Figure 2a) . The size of the cysts varied from 1 to 6 cm (mean 3 cm). The wall of the pseudocysts was composed of tumor cells that showed hemorrhagic necrosis at the inner surface of the cyst (Figure 2b) .
Two of the tumors in this group were moderately differentiated pancreatic ductal adenocarcinomas, one of them showing a transition to a pleomorphic large cell carcinoma and one a poorly differentiated adenosquamous carcinoma. Most of the cases (five) were undifferentiated carcinomas; three of them were classified as undifferentiated carcinomas with osteoclast-like giant cells (including the case reported by Oehler et al 14 ) , one as an undifferentiated carcinoma with large pleomorphic cells and one as a medullary carcinoma.
Immunohistochemically, the pancreatic ductal adenocarcinomas with degenerative cystic changes stained for MUC1 (75%), MUC5AC (25%) and MUC6 (50%). None of the tumors stained for MUC2. CEA stained 38% of the tumors. The proliferation rate of the tumor cells ranged from 2 to 80% with a mean of 37%. p53 was positive in 75% of all cases.
The tumors were localized in the head (one case), body (one case) and tail (two cases) of the pancreas. The medullary carcinoma (with a maximum diameter of 19 cm) was attached to the pancreas and extended to the stomach and duodenum. In four cases the tumors were localized in the pancreas but the precise localization was unknown. The tumor size varied from 1.3 to 19 cm (mean size 9 cm). Pancreatic ductal adenocarcinomas with degenerative cystic changes were observed in four women and four men (mean age 59 years, range 43-78 years). Clinical data were available in six cases. Three patients presented with abdominal pain. One patient was operated on for a suspected pseudocyst; one had a history of pancreatitis and one presented with weight loss and a periumbilical mass.
Pancreatic Ductal Adenocarcinomas with Retention Cysts
Four pancreatic ductal adenocarcinomas, two of them moderately differentiated and two poorly differentiated, showed unilocular cysts outside the tumor. The size of the cysts varied from 0.5 to 1.5 cm. The cysts were lined by flat ductal epithelium without atypia (Figure 3 ). Sometimes the epithelium was denuded. Two cases showed mucinous metaplasia (PanIN-1A) . Focal pericystic inflammation and fibrosis were seen.
Immunohistochemically, the tumor tissue reacted strongly with MUC1 (100%), MUC5AC (100%), CEA (100%) and p53 (75%). MUC6 was positive in 33% of the cases and MUC2 was negative. The proliferation rate ranged from 10 to 30% with a mean of 23%.
The epithelium of the retention cysts stained strongly for MUC5AC (100%). MUC6 was positive in 66% of the cases. No immunoreactivity was seen for MUC1, MUC2 and p53. In one case, focal positivity for CEA was seen. The proliferation rate was very low (mean 1%).
Pancreatic ductal adenocarcinomas with retention cysts were observed in three women and one man (mean age 65 years, range 59-69 years). No information on the clinical presentation was available. All tumors were localized in the head of the pancreas. The tumor size varied from 1.3 to 2.5 cm (mean size 2 cm).
Pancreatic Ductal Adenocarcinomas with Attached Pseudocysts
Two pancreatic ductal adenocarcinomas, both moderately differentiated, were found to have pseudocysts. Both cysts were unilocular, localized outside the tumor and 1 cm in size. The cysts were lined by necrotic tissue with hemorrhagic material and turbid fluid. No epithelial lining was detected. The cysts were surrounded by inflammatory tissue. 
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Immunohistochemically, both tumors reacted strongly with MUC5AC. MUC1, MUC6 and CEA stained one of the cases, the other case was negative (the block was 25 years old). Both tumors were negative for MUC2 and p53. The proliferation rate was 10%.
Both pancreatic ductal adenocarcinomas affected men (54 and 65 years). Both patients were known to have chronic pancreatitis. One tumor was localized in the head of the pancreas and one in the body/tail region. The tumors were 4 and 4.5 cm in size.
Discussion
Most pancreatic ductal adenocarcinomas and their variants are solid tumors. 1, 12 In the cases in which cystic transformation was reported, the tumors were found to have either pseudocystic changes [8] [9] [10] [14] [15] [16] [17] [18] [19] [20] or simple cysts. 21 In our large series of pancreatic ductal adenocarcinomas, including their variants such as adenosquamous carcinoma and undifferentiated carcinoma, 8% of the tumors showed cystic features. This implies that cystic changes are not a rare occurrence in pancreatic ductal adenocarcinomas and their variants and therefore must be included in the differential diagnosis of cystic neoplasms and lesions of the pancreas. In a recent study on cystic neoplasms and lesions of the pancreas we were able to show that pancreatic ductal adenocarcinomas with cystic features accounted for 7% of all cases. 3 Since similar figures have also been reported by other authors, 16, 17, 21 pancreatic ductal adenocarcinomas with cystic features are among those cystic neoplasms that have to be considered, when a tumorous cystic change of the pancreas is detected by imaging procedures.
As described in the literature cited above, and confirmed by us, the cystic changes found in association with pancreatic ductal adenocarcinomas differed in nature and pathogenesis. In almost twothirds of the tumors in our study the cystic structures represented a neoplastic component of the pancreatic ductal adenocarcinomas. This was demonstrated by the expression of the markers CEA 22 and/or MUC1 23 in the epithelial cells lining the cystic structures. Another marker that labeled about 60% of the cases was p53. [24] [25] [26] The expression of these markers was particularly helpful in cases in which the epithelium of the cystic structures was extremely flattened and therefore difficult to distinguish from the non-neoplastic epithelium of retention cysts. Cystic duct-like structures as an integral part of some pancreatic ductal adenocarcinomas were already described by Frantz 27 and have been mentioned in the more recent literature. 11, 12, 28 Usually, these pancreatic ductal adenocarcinomas were well differentiated, as was also observed in our series, and formed a small number of cavities with diameters in the range of 0.5-0.7 cm and only rarely exceeding 1 cm. Although these changes are already grossly visible, they are difficult to detect with the currently available imaging techniques. The number of cavities in the individual pancreatic ductal adenocarcinomas varied from 5 to 15. Pancreatic ductal adenocarcinomas with numerous small cystic structures showing a honeycomb pattern reminiscent of a serous adenoma are exceptions and were only seen twice in our series.
The second largest group in our series of pancreatic ductal adenocarcinomas and their variants with cystic features consisted of eight neoplasms that developed their cystic changes because of extensive central tumor necrosis. Most of these tumors (five cases) had a high proliferation rate and were classified as undifferentiated pleomorphic carcinomas (with or without osteoclast-like cells) or as poorly differentiated pancreatic ductal adenocarcinomas. Since these neoplasms were large (mean diameter 9 cm) and showed one big pseudocystic cavity that often contained hemorrhagic debris and had an irregular outline, they could be easily distinguished grossly from pancreatic ductal adenocarcinomas with large-gland components. These features may also help to identify the pancreatic ductal adenocarcinomas with degenerative cystic changes when using imaging techniques.
The third group of tumors was small and encompassed only four pancreatic ductal adenocarcinomas characterized by single small (0.5-1.5 cm) retention cysts, all of them localized at the tumor periphery. They were distinguished from largegland-type pancreatic ductal adenocarcinomas by their negativity for the markers CEA, MUC1 and p53. All of them stained for MUC5AC (which is known to be expressed in most pancreatic carcinomas with columnar epithelium, but is also found in non-neoplastic proliferations of the duct epithelium 29 ) and some also for MUC6. The peripheral localization of these cysts suggested that they had been caused by duct obstruction due to the tumor.
The fourth and last group consisted of two pancreatic ductal adenocarcinomas, each with a pseudocyst attached to the tumor. Both patients presented with symptoms of pancreatitis, suggesting that the pseudocyst developed as a result of a necrotizing inflammatory process in conjunction with the neoplasm. The cause of this tumorassociated pancreatitis is not known, but from a number of reports it is obvious that acute pancreatitis in association with a pancreatic neoplasm is not rare and occurs in 5% of pancreatitis patients. [30] [31] [32] [33] [34] It is assumed that duct obstruction by the tumor is an initiating factor in this type of pancreatitis.
The differential diagnosis of pancreatic ductal adenocarcinomas and their variants with cystic features focuses on the first and fourth groups, that is, the pancreatic ductal adenocarcinomas that have a cystic neoplastic component and the pancreatic ductal adenocarcinomas with retention cysts, because the neoplasms in the other groups are easily distinguished on the basis of their macroscopic and microscopic features from the most important and common cystic neoplasms of the pancreas, such as intraductal papillary-mucinous neoplasms, mucinous cystic neoplasms and serous cystic neoplasms. 3 Intraductal papillary-mucinous neoplasms, in contrast to 'large-gland type' pancreatic ductal adenocarcinomas, are localized in the main pancreatic duct and have an intraductal papillary mucin-producing tumor component, which is often MUC1 negative and MUC2 positive. 23, 35 When invasive, the invasive component may assume the appearance of a usual ductal adenocarcinoma or a mucinous noncystic carcinoma. Intraductal papillary-mucinous neoplasms of branch-duct type can be distinguished from ductal adenocarcinomas by their frequent positivity for MUC5AC and negativity for MUC1. 36 In summary, pancreatic ductal adenocarcinomas and their variants with cystic features are neither rare, nor do they form a uniform group. Instead, they occur in a considerable percentage of cases and show a spectrum of cystic changes ranging from neoplastic to non-neoplastic structures, each showing special features and its own pathogenesis.
